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(54) VACUUM CARBURIZATION METHOD AND 
DEVICE AND CARBURIZED PRODUCT 

(57) Abstract: 

PURPOSE: To make it possible to uniformly carburlze 
each part of a work including the inside wall surfaces 
of a deep recessed part and to save the amt. of gas and 
heat quantity to be used by suppressing the generation 
of soot in a vacuum carburization method. 

CONSTITUTION: The work M is vacuum heated in a 
heating chamber 2 of a vacuum carburization furnace 1 
and gaseous acetylene Is supplied from a carburizing gas 
source C into the heating chamber 1. The work Is 
subjected to a carburization treatment by maintaining a 
vacuum state of 21 P a in the heating chamber 2 by a 
vacuum evacuation source V. 
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m.fire&£Mmrz>t i tK. '*ttuaarticaft&# 
1 1 1 fc,. sirfa»srt * 1 kp a «T«j*a«tt. 

& 

[M**2J m#*t*©aaSFttfnaft*a#7* 
^v£#*J:9ft5ri*#&i-fSi»#glK«© 
K£g£#fe. • 

J: 9 ft 5 C i fc 2 E«©Jt£ mfcj} 

m. - • •. 

E^roX^g^^fe. , .,. • .< 

5*a»*«i*a*., lkPa fiilTOJCatttt-eJISft 
afcfffc5£**a«fc-rS*2««»a. 
[IS#«6] rt'etDi1-5M«ia«:*i, ^HffiTL 
© l*J«»fc33 5 g$i£ $ © B0T«f L V WKtf . tt MMl 

$ lxfcS(ittUp o 0 T-fo o x , 

.«!f1Ea$L©ffi# % L/DJtT'l 2 75S5 0©«SHrtlC 

[n*«7] tteHtt7L©rtsa£*3<?&aaa£ 

&*, L/DJttf 1 2 75S3 6 ©a#fcZoTIJ£9U'> 
r i*a»fc1-6R*a6E*©ftafca£ixfc»H« 

[oooi] : ' , 

immti&mm assays* * 

' [ooo,2lv~V" , ■ :'- ■':.„ <■■'„ ■ 

&$©£®&©;fr.8ii L,Tat>£< W 

i i\ - '?* g&l* . £®g#l © 
3§£, K»«ft^©WPHt©^*^'- S5ggg&-e©*s?s 

aa*#©faaB©**fc»»s*©iBMaa«*> 
[00 0 3] aa©xaaa#ife-ett. g&E#* t l 

■C. #*«©a3^*fc*atf*BS*m»fc. 

9. /fytfx (CH 4 ) , 7a/<ytf7. (C 

3 H 8 ) , -ft*** (C 4 Hio) *#§UB**VC*I 



9, r(t6W(UHif*fr. 9 0 0~iooo*CS«fc« 
U «t 9 ft * «7 - * *MR LTSH L fcS2g^^©*D!ftk 

±t$«ttaa«IW©aiIifcftA*tf. t©«ffl*»e> 
g& • ttft 3 * 5 J: ? UX v »fc. 

[ 0 0 0, 4 ] ^OJM;* V-9 ©£SK+#l£g0U8# . 

«r*S«ttfcUT*Jt. ±Egaa#**iO»ai'lfc« 

ifcfc. 8H*t>L< 
»KTJ:9. 7-*©§c®^©g#;8#*©;fc#ft«lt£ 

[0005] ir^x-. a*©«aaa#£fc*sn-c 

tt, -*W»ca«tt*»v^ UT, «ft*a*g««# 

*k Lx&m-rzmmt&y. c©*ik**©.*-c.t, 

±3£© J: 5 ft > * jtf * © J: 9 ft #*#©«5St&fta 
fokaWWBSiilC^fc..,. 
[0 0 0 6] *'©a*«4. 'MMMQ-CM:, * 

it, ®#srg^^*5 1.1 o o.'cgai-eoaaeH-c 

w^fflE©- 

! $§£#*>•£>*)©©, ajRA#&<ftS&B*£jC-- ■ 
r*f-uy*^©J:5ft^^*©«iCTttftftfl: 
' *»I4, ;<*:^#*.fc9*>*£;rC';fc9, g^SfSi 
' 9 fcj»$W*#SA/fct¥fefcii5!&»e>* g«JI;<f*fcttB 

* r^jnaffiaftaftaaiifj «isffiBSfp4 6^io^ 

. 2 5 0^fif^l 3 9M#fiP.) . 

. . [0_0.0.7.]_-?:©fc«), Sll^lctt % .sag^T.©g^ffi 

t- u-ctt, ,^«©a3a5»ftaft*a"c*> s ^ f ^ 

^^©, (ch 4 ) » /o/<>^ (c 3 

Ha) . J?*** (c 4 H i0 ) aui^aasn-fv-^ 
^^©aswffisiaflaka-efcsz-fet^^^H:* 

|Slti$ttft*»-afc..-. 
[0 0 0 8]. .., • 

mmm&LtLik+z&M] L^uft^b, se&© 
jtaga^ifefciixrf, ^^ga-c©fia±-c©BHA 

tt»»$ii.fct>©© v: »»t t.TTI2©i SftHHMS*: 
[ 6 0 0 9 ] t fit>%\ 

1. «E©5§4^#.<, ^Tt^^ai«l-ef?^\ 

2. a©toaart^©!7-* ©#;****& Lxxf** 
ta*ftv^*&-a«*HB-cj!>6» 

xhi, 

4. Kffis* 5 s<, aaaa^©«ateaasiv*. 

5. ^f^aaKJt'<-c4att*ft<, aaa^H^a 

[ooio] Tai4a«ffiv^h-cv^a«fflxf^©a 

^«?©^*=.XASr*1-fc©-Cfc*. 
[00 11] 
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mi] 

C, H a - (C) +Cj K t +H, 

C, II. - (C) +CH 4 +Hj 

CH< - (C) +2H, 

10 0 12] ±*fc*JVvc CO tti§$ic1?41-5fttt . 

*J It 5 &©364©ISB k 4 o X V > 5„ 
10 0 13] £©«©«£** *0/>4< "fa** J: L 
Ttt, 

a. jPrt?©a£«Jtf*©*fc*#afcttft*c1-$fc 

39) «m-.s, : 

xlfT/i'=-/i') SrJgAUT, «&$£©-&'& COi 

X-rt»kjS*ic,' »WWt^«rff *WkUT!7-^ 
3fl»££t:*4;< (7*7. Xt«B , 4»asfe5.. M 

[0 0,14]' zhbo^micatiti, v*rH'fc«©«& .' 

4bjtfc91-SHB.;flk5. .. 
1 0 0 15 ] *fc\ 'flHE©> * X*J??.triUIWi^'fc 

LTfos-f-sxsait-cH:,. mv-t <ofim#*%ft 

tf*«*K*vy-Ctt*#4WIWS*#bftr» aaa 
$©'<7^*#aftfeft4!&»ofc. {sjAtf. ^©flflfR 

»c#*«fli«i, #*jt#gg. #*aawMtis*fjr. 

©*r$a&SS$#.o. 5 l«ie*.-e*)5pK#U, ?L© 

&to<Otfm§m S'tt 0 .. 3 0 ramSS fc 4 o T JOfe.- 

I o o 1.6 L £©.* J&aflii*©**?*!*, ttffi-t-. 

ot, aBEtf *©#*©¥$ SlUtTS (nean free pa 
th) «:'j:D/hS<1-5fcfti'*S3esJx5. 
10 0 1 7] tUT. /hfi©?L©rtfiafcB?J£©aflfl 

$ S J: 5 &a&fe9*lT4 9 fcaictt, ?L© 

Lfc 9. &l?W±Ka£ffl#*£#£ 
45 £ k k 4oT. «©»4ft*«*+5e*SrJBV^T 



[00 18] #$g?N4, ±»©£54iaa»cB*. *© 

S4 b Wcaflfe9£iittMtflAt:ftftTft £ fc * 1 

wt-r.*. - , 

lo o i 9] ' •' u 

S^ft*. 1 kPa ■»J©»2«» t LTSft»a*f?4 5 
riSr^'iH.t)©t?fo> ? 
[0 0 2 0] JiE^>*©'«S?F©fd^bK*t i,T ' 

[ 0*0 2.1 j $ luWBMu: i S.SSg^*fett. g£ 

&moi£x*<\ .fltt-.oxs.icjK* (c) *ni*ica*. 

(N)'.*gAy*5g^ifb&Slitaffl1-5£t^V 
# 5.. *©«&l*; g^ffltf* LX<OT±7-uy#x 

\zm'tx\ VxttoaanTi \Jxmx.t£7v*=.Ttfx 

(nh 3 ) iffia+hat.i>\ 

[0.0 2.2] £fc, *3B^J:&X£a&aBii; fltt 
J: 9>i$ SrJ0^1-'5JO^Sr<itfc*2g^^ 

x. , l KPa i''^T©*ffi«fl4r*?aAtfT4 5 £ £ 

i©T»fc5.'.' M ' :: /; 

[ 0 0 2 3 ]' *-6,.fc. ,*^Vc J: SftRJOa^Kfcfltt 

M9lcfctj-5g^p$©l5I^UV^<gtiJ, gfcHSSfl.© 
BP«*»b'«*L©flHtcioT»)***iTV^.t)©-e 
*>-?T/±*WE»*L©fl#. L/DJfCl 275M5 0 
©«SHrtlc*>5rt«r#«t1-6t©-C*>5. 
[0 0 2 4] fl©4v«SSft (flEXf^ga) *H3i 

fls*/^ i 7trs£ t#ia* u>*».b/jprtKflfl 
■fifljMiKtt, xzzmv-tn&mmx'imi 
tz\-tw&L\ ' mFtt^p&mxftftm tzttm ua 

V^V©* s S4Ul'\ • 
[0 0 2 5] £©*»*» f>*T. #*©*2g^*felC 

£ 9 fcfcSttttt*£g-CflHtfc#*©R 5 i5g^ 

[002 6] t:?, *J8WlcJ:5Ka»K*fe-ctt. 

flw^g^Msi-5. 1 1 o oxi&Bt&xvmmmxK 

9 hik¥ft\z.%&X\ KJS*sJ:t«MBL*^«5S3F»Bi' 
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[0 0 2 7] fcfc'U zhh<r>jf$&£#ztt, tf 5 *© 

[0 0 2 8] *©fcft. ^SSKICfcagSg^feT- 
(4, g£E#*©^Affi£B#r.i]£®<ta*:fti::> ^rt 
E^£St*©g£g£#i£.fc 9 t&iglc{£l> 1 k P a £1 

6. . 

[0 0 2 9] ffi*OXSSK*fe-ett. 7-*© 

RtMM S*T«r UHWMf* $#a fcft 

IC, #*flE*«:*>3a**< (15~7 0kPa) bT, 

£5t£ LX&£#*£i»EK«fcoX'>ft< U 
AX'$rUSS^lI^©#*£«*tbX, 7-*£B©« 

5 :.ti^t„ i 0 ftft-T 5 C t IC 

fcoxv^a. 
[00 3 0]... 

SXfca^T-i'l'tf*. (C 2 H 4 ) 
(C 2 H 2 ) «. ttJlHWiShTV^^VjR^ift 

[opsii^ofcft. Mamrtxg^ffltf*^** 

«*fe*43tfSJ:3fc»#b-Ct>, ##£/&#*X*> 

*fcLT*-* WML* 

"fa 6. g^MS 

S (mean free path) 7-*©SHMHffl©rt& 

ft. 7-*»B"e«B*R|-eSJ»fcKit:," ^WUTW-T-tt 
[0 0 3 2] *bX, rog^ro^-ttli^ftE^SMS 

<i-sB£MFic<e5. rtssrDti-awa 

fct1-at#. jPftE^fcO. 0 2kPa t LXg&&S! 



KB&U'tl*4>BSL0>ff*. L/DitX5 OggK 

ft-pfiMI. S^g^fca^liT'fX^g&Xfcii/S* 
^ig-cfca. 

[0 0 3 3] J=fc. #3695X14. *D!RSrtS:S£Jl5©lt2 

oxi^afcft, awk»rtic«»Sii--c4»b«EKitJ«-' 

8USi»^^oJD!RSi*J-CO»H«*IBI*fi<*5. iSS^ 
[0 0 3 4] *:©fcft, 

X&5S©g£ffl# * & *Bfc# UT»«k»» $ 
*xg^-rar.i#x#x. g$tc£p»££bi\ a> 

* Sr &©38££ft±bX7-*©g&&g£r 

* ©$tt©JG'-g«fcjtft-e§. a k4s. ' 
[oo3 5] $e>ic, jmaev^b^HWciiiaihs 

[0036] #»wicj:5i(S«ft#S-e 

^ft^bklffSrg^Jl^i:UTS;ffiUTV>afc». Si 

&£'bfc<Xi. 7-**B"WM"fcklt, »»b"Cg 
^taitis-Ct, g£ffl#*<o«&*l4, p-^ SB 
«3gjRte£«<c±R**© 2«S*Krt'<o«*JR : f-»» 
fco-cfctr. *>Jte^tc, «*©K2gK-ef4, 8UKR« 
B4^»ft©ft+«8lt*'jlPrtK«ftbT^fc./S6 

^^fciaxsgk^fe-ett. ikPi'»T©fiff 
■CjCSg^Srff 9 , . jmiKata ^AHR*^* 
UTj(WaUltr»*t , *w'i:4»5>, tm#'pt£<, *Dflft 

« «'a**i»»l-.5fcfto«*S:** < 1-a r t vx- 

[0 0 3 7] 'bfc'a*oT, *»WfcJ:5*jSgtft?Srfe'C 
tt,.WWB;tf*i:bT, tt*-Ctt«oSI4*a < fc*«7 £ 

*ft*TttfflbfcKi»6)-r, tt*oxaa«*»Kib 
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[0 0 3 8] $P>fc, **WKi5KSgftR*fe-CH:. 
jpSSMrtSrlkPa ETF©{&EK LT*J 9 , 
M&ft*K»tTWHR&**«fM-ft AUKS 

■J-5*5t©*KLT. #9J©*rllM*3it Ut< Tt>8F 
K ft. 

[ 0 0 3 9 ] 4J3, 7-^ tr«E-CWIW**tfcfc LT 

it. ^*:'SA^?x^M#Jae>ivcit&#. ;ix * 
wttitXT. a« ens©** -e* -caia-e* *v 

100 4 0] *LT. **WCittffl-fft^«0*SWF 

St-fft-rt ft. •' ■ " - ; *•.'• ;• • '•' ; " r ; h 14 
[ o o : 4 i ] $ feteftKiiaf* hCxpTtf-^yXx iJ 

(nh 3 ) LT&mmwkzftt£ o r t fc t 
&/js*< -fft ft. : " " - 1 

[0 0 4 2] ;" : " "' : : ° 

[0 0 4 3] Hitt*J8MfcJ:ftXffifti«««o-||l|[ 
©»ttSr*tHT. asg^* 3 1 lt«$SS4 T?St>^ ' 
fcJnia^ 2 fc d <Dfimm 2 KMti-&2HVft 3 t "Hi* 
T^ft. 

[0044]»S2lt, iSfiS^©Jt£*fc«ttf*m 

■IIW2 ba»fe*jfcSiitva. a it-cit, M 

itl^fttegLfc^{b^^**IS^*, fcftVMt, % 

r ia*-C4 ft. BrfTM* 2 b t LTlt, ? 5 * 

7 rV '<&ttjf8f 5 - £ as-C-t ft. : ftipg 3 ft, *©#• 

ft. 

[004 5] *LT. M!&2&$ai£3iat, tfclC 
K£#«*V#««3ii, tfcfll»S2fcft. 7--fe^u 

TOfc»8;tf*i[c#lgtt3ii. ftiP^Sfclt, r©& 



[004 6] Sfc, *0!»S 2 ©±8tiSfcttttAW 5 is, 
T««tOi<f IBIJ? 6 ftipi 3 ©Ts£Jglcilt{Sttl|i 7 

ffi^y - * m ttta^r ft rtssassisi 8 #ri* e> *it 

ft. &^3ft»ctt!7-*'M*r?Mt3 alCtUL-Aixtft 
fc»©H&S 9 *SKtt$*vTVft„' $ bttil 2 Kit 

rt«AH5 a £rt«p>f>ffift6 a-Cim*ftHCfc»» 
[004 7] fcii i © ±5 4*j*Sr'*-*-ftKSftRiE« 
1-ft. ftib\ . ^ftABRS 2 *'*«E««|-egfSOffl*fc 

auRux2J<; . ' ' " ; ' 

[0 0 4 8] ftJLXS ; " 
JSASI 5 , 5 a SrBB^LT, Il?-?M1 Sr^D^ 2 
rttctSAt. i!t>lc»AJS5, 5a$rK£7ft. . 

[0 0 4 9] %L2iIM 
ADfRS 2 SrJCS^^ji V {C ± o T 0 > "0 5 kPa i T'KS 

iMd'ti^b, b i 9-^mi &mi£m& o o or) 

^tSflW^rtKWSLT (i©££\ Jp^2rtit 
0. lkPa i*ft)' , S^SSrff*5. : -tLT, 7-fe 
UV^^©^Sri?± LX\ tof&£ 2 rtSrffVO. 6 
5kPa ^T'©lC2t'UTffi«^S5rft^i/\'$e.^. & 

^©P5tC, tt9 : &'3 : *ft&&ft "t-C*< . 
[0 0 5 0] tSTg 

fHlTer 6 a iSrPMkU- rt»ife3HS«8 ICioT.- JR 
tf HIS 6 , ;t 6 a Srra^f fti,' " " ' : ' ' ' ' 

[oo^i! %ajm' ' ;; 

«r*«ffi«±ld)llflE Loo, Srl^T$-frTS 1 

y-^Ml^r^AlxMiSI-ft. -5:©rai-S?i©^m2 
rt^SftSrS»XLT*««tti:U 4bK«Ml5. 5 
a5:raftUT! jg2'!7-*M2£afl!fcS2rtlciRAU 
iE*>«AII 5 , 5 a tBM»1-S. i%*PM 3 

jMEajtfcJnBEi-ft-aiit. 2 rt Ka»S:*A-r 

ft B. /t OS 3 rt^A 9 5i* *v * J: 3 fc-r 5 
[0 0 5 2] «STS 

M'*9tr±J!-W. »fflSl7'Srraft U-C»l !7-^M' 
1 Srff'l U\ il*>lc«g'ffi» 7 SrM« LXtit&S. 

3 5rK^ i^ip-f ft . *©ra 'ft 2 b - ^ M 2 2 ± 

[0 0 5 3] WT. S««t8-e»t, ft3'~»5ia*K 

[0'0 5 4] dOiSKR^fea^iSSilft^-^O- 
«iLT. B3fcWEH-C*-rJ:5fc. ^S^tfe^2 0 
mm, ft $ Sr 3 Ommi: LT, ^Semm, ^$2 8mm©ra*g 
^1 1 t. rtS4mm, gg$2 8mm©^4g7Ll 2iSr«x 
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fc7-?fy//HO^ 4S4.0 0mm. ft$6 0 0mra, 
fi$5 0mm©f&A»C3 0 0ffl3feiIU 6 gg 

ia-ciO»*2rtfcEilU g£fi£9 0 OtT\ g£B# .. 

H4 o#, mam 7 o#, ^A^aas 5 ort tx '". 

MLfci^, #!7-^©Jfin»aft«S t 0 ttO. 5 1 
wnm&T'hitc<D\z.ttbs 'hg©PBffi?L ,1 2 ©JSSU©^ '. 

zhti*mm<0M1&oX£&Bi5mzt.tit£* 0. 02 
. [0 0 5 5] tLt, ^©WfctSSEKaLTfc, A .. 

3»S««Si©jS«r0. 0 3mmirtg<Dffifflrtl£»;l5r . 

[0 0 5 6]. «*0>^y*^«:«^ffl^ 
^iU, 7-*1^7>l 0 £ftfc©X£g$7JftT* . 
«M!SIt,fc«»*fctt:. ««B*W«r2«a«iUT, to 

t y/* 1 0 O^WffiT©^8UWR $ * 0 . 5 1 on 
f, 4mm<!)©?Ll 2OJi£gB(0|r^)g^$/!)S0. 3 0mm 

*oxswK*tt^Hu wwea*5^2.o'HKa-«i • ., 

[005 7] ftfc\ #J6W »k 

[005 8] t LT, TOSrt^iflEIC-r^tfl-^S, 
*»WO*tt©SWftt:Ji*S*5ri:*"e#.. .... 

5«jS*»5». S£L<«i, JofRSrtfcO.. 3kPa fiHT, 
3fefcB*L<ttO. lkPa KTfcMffiLT, SftteS 

[0 0 5 9] 11414, rtS6mra, 81$ 2 7mmOH^5L5r 
$X.fcft&2 0mm, ft$ 3 OmmOf" (S CM4 1 

5) ic*tLT. a*9 3ox;fcia^T, 0M**m, g^ 
*n«j:cAnmn (B2#ih) ***itf&3o#. 3 • 

0#, 4 5#tLT, 7-fe^fV^SrffiV^TgjKtea 



fc*i*$8WH83©«fl;«:; *r»Bi*!7-*tf-i'7>© 
[ 0 6 6 0 ] 13 4 a* <b w a»4 <t 5 f - y?A'<r>$tm'. 

(CIS LTjtt, JFrtff^ 1 . : - OkPaglT© t # . 
tr*-fc*«i-5fc»KH:.Vrtffi*f:0. 3kPa 

[0061] : 4fcfl»£ttai»fejuttf, jcrtffi** . 

1. OkPa-£l(T-C*litf|Bl|aH±*l\ ... 
[0 0 6 2] 05I4,.I*J&3. 4mm, S!3 1 7 5mm<OM 
*S?L«:fll*.fc0-«2 Omm, 5$ 1 8 2mmO-+j££*Tl-3 
fy^ (SCM4 15) fc^H©jRft#«fc«:3IJSL.. 
Tg&l Ufctt»«r**«iIiB t , g&©$H4. * 
^$t^7 7X*fo5 t ..:ffl^ rrtsg9 3 ot, JF. 

ftET} 0 . 0 2 kPa , ftftttffl 4 3 0 

[ 0 p 6 3 ] H 5 frbW feiMeJ: 5 C. MHTLOfttts" 
fc*rt_5^S^SWSlS#U'\(2," 1mm) «M*gc/5S^ 
«?L©AP*^vl.2 2mm<b&£»Cj§U Si.eF l'seramtf). 
ttfl|T?±gk^V^-gn fcftofc.' -fiC*>i> ©rtS£ '.. 

XM& $ ilX V >5 i tl^fc t , -tlEL roffiis L / D Jt.T?. 

SKffoV. g^ro^-ttV«*utv^. .sfeikijprt ; 

L L/DJtT: 5 pmSlCt T?-f 5 r i * J Xf t: ■ 
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